Background To safely perform acute intra-arterial revascularization procedures, use of sedative medications and paralytics is often necessary. During the conduct of the Interventional Management of Stroke trials (I and II), the level of sedation used periprocedurally varied. At some institutions, patients were paralyzed and intubated as part of the procedural standard of care while at other institutions no routine sedation protocol was followed. The aim of this study was to identify patient characteristics that would correlate with the need for deeper sedation and to explore whether levels of sedation relate to patient outcome. Methods 75 of 81 patients in the Interventional Management of Stroke II Study were studied. Patients had anterior circulation strokes and underwent angiography and/or intervention. Four sedation categories were defined and tested for factors potentially associated with the level of sedation. Clinical outcomes were also analyzed, including successful angiographic reperfusion and the occurrence of clinical complications. Results Only baseline National Institutes of Health Stroke Scale varied significantly by sedation category (p¼0.01). Patients that were in the lower sedation category fared better, having a higher rate of good outcomes (p<0.01), lower death rates (p¼0.02) and higher successful angiographic reperfusion rates (p¼0.01). There was a significantly higher infection rate in patients receiving heavy sedation or pharmacologic paralysis (p¼0.02) and a trend towards fewer groin related complications. Conclusion In this small sample, patients not receiving sedation fared better, had higher rates of successful angiographic reperfusion and had fewer complications. Further examination of the indications for procedural sedation or paralysis and their effect on outcome is warranted.
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BACKGROUND
A myriad of clinical factors govern outcomes in patients with stroke. While initial stroke severity, age, timeliness of thrombolytic therapy and reperfusion are well established predictors, others are poorly understood or not yet identified.
1e3 As intraarterial procedures become used more frequently in clinical practice to treat acute ischemic stroke, defining procedure related variables that affect patient outcome is paramount.
During the conduct of the Interventional Management of Stroke (IMS) pilot trials (I and II), we noted that the level of sedation used periprocedurally varied greatly. 4 5 At some institutions, patients were electively paralyzed and intubated as part of the procedural standard of care while at other institutions no routine sedation protocol was followed.
To safely perform acute intra-arterial revascularization procedures, use of sedative medications and paralytics is often necessary. Unwanted patient movement during catheter manipulation could have disastrous consequences. On the other hand, stroke recovery may be adversely affected by sedatives, paralytics and intubation, both directly, due to direct CNS effects, or indirectly, by leading to medical complications such as ventilator related pneumonia. Delays in the start of the intra-arterial procedure can also occur while waiting for anesthesia to provide deep sedation and intubation. Unfortunately, teasing out the effect of individual drugs, practices of medication administration and decisions regarding intubation is difficult. Furthermore, dosing, duration and timing may be important with regard to the occurrence of adverse effects. 6 7 We retrospectively analyzed the IMS II trial to: (1) document the variability in sedation patterns used for intra-arterial revascularization procedures; (2) identify clinical factors that were associated with the use of higher levels of sedation; and (3) determine whether use of higher sedation was associated with poorer clinical outcome or the occurrence of complications.
MATERIALS AND METHODS
The IMS II trial was a 13 center, open label, single arm pilot study of moderate to severe ischemic strokes (National Institutes of Health Stroke Scale $10) treated with combined intravenous/intraarterial recombinant tissue plasminogen activator (rt-PA) therapy within 3 h of stroke symptom onset. Details of the trial design and results have been published previously. 4 In brief, the objectives of the trial were to: (1) obtain reliable estimates of the safety of combing low dose intravenous rt-PA (0.6 mg/kg) followed by delivery of additional intraarterial rt-PA (up to 22 mg) and low energy ultrasound via the EKOS microcatheter; (2) consider the efficacy of combined intravenous/intra-arterial rt-PA treatment at 3 months compared with the 3 month outcomes of placebo treated patients in the National Institute of Neurological Diseases and Stroke rt-PA trial; and (3) determine whether the recanalization rate of combined intravenous rt-PA followed by intra-arterial rt-PA and low intensity ultrasound energy is greater than the rate of recanalization for the IMS I study subjects treated only with combined intravenous/intra-arterial rt-PA via a standard microcatheter. 1 3 Subjects were treated with low dose intravenous rt-PA and concurrently taken to angiography for potential intra-arterial rt-PA therapy. If no thrombus was seen on angiography, no further treatment was provided. As part of the study protocol, clinicians performed formal National Institutes of Health Stroke Scale (NIHSS) examinations just prior to intravenous treatment, again just before initiation of intraarterial therapy and then at completion of intra-arterial therapy. As part of the NIHSS examination, clinicians were asked to determine: (1) whether patients were sedated; (2) whether sedation affected scoring on the NIHSS; and (3) whether the patient was intubated and/or paralyzed. For the purposes of this analysis, we defined four levels of sedation: (1) 'no sedation', cases where no sedative medications were received; (2) 'mild sedation', cases where sedative medications were administered but sedation did not affect the patient's examination by clinical judgment; (3) 'heavy sedation', cases where sedation did affect the examination by clinical judgment; and (4) 'pharmacological paralysis', cases where patients were intubated and/or paralyzed. We also considered sedation as a dichotomous variable consisting of 'low sedation' if in the first two categories and 'heavy sedation' if in the latter two categories. Sedation categories were determined based on the NIHSS evaluation immediately after the angiographic procedure. In five of 75 cases, no sedation score was available post-angiography, and the pre-angiography sedation score was used instead.
We limited the analysis to all IMS II cases with anterior circulation strokes that underwent angiography and/or intervention. Our primary interest was to determine baseline characteristics associated with sedation level. Because of small cell sizes, Fisher 's exact tests were used to test for associations between categorical variables. Analysis of variance models were used to test for associations between categorical and continuous variables; to account for small cell sizes, or where the residuals appeared to violate the normality assumption of the analysis of variance model, the non-parametric KruskaleWallis test was used instead.
As a secondary analysis, we used logistic regression to determine whether sedation (no/mild sedation versus heavy sedation/ pharmacological paralysis) was associated with good outcome (modified Rankin Score 0e2), death or successful angiographic reperfusion (Thrombolysis in Myocardial Infarction (TIMI) Grade 2e3). Baseline characteristics associated with outcome were considered for inclusion in the multivariable model, and a stepwise selection procedure was used to select covariates for inclusion in the final model.
We also analyzed complications that occurred with respect to sedation category. Rates of symptomatic and asymptomatic intracerebral hemorrhage, significant infections (including pneumonia, sepsis and other infections, but excluding urinary tract infections), access site related complications (including groin hematomas, local bleeding, arterial occlusions and retroperitoneal hematomas), cervical or intracranial vessel dissection or perforation, and acute myocardial infarction were compared.
RESULTS
Of the 81 patients in the IMS II study, 78 met the inclusion criteria for this analysis. Three of these 78 cases were excluded because sedation data were not available before or after angiography. Among the 75 remaining cases, 40 (53%) received no sedation and 17 (23%) were pharmacologically paralyzed. Baseline characteristics across the four sedation categories are presented in table 1. Only baseline NIHSS varied significantly between the different levels of sedation (p¼0.03). Using dichotomized sedation categories, there was a trend towards higher sedation categories being associated with aphasia, internal carotid artery occlusion and longer procedure duration (p#0.06). Because of the small numbers of patients per center, no analysis of center specific sedation patterns was performed. Table 2 lists outcomes as defined by sedation category. Patients that were in the lower sedation category fared better, having a higher rate of good outcomes, a lower death rate and more frequent successful reperfusion.
Good outcome (modified Rankin Score 0e2) Sedation (p<0.01), gender (p<0.01) and baseline NIHSS (p<0.01) were associated with outcome in univariate analyses. Only mild or no sedation (OR 5.7; 95% CI 1.8 to 17.8; p<0.01) and male gender (OR 4.2; 95% CI 1.5 to 12.3; p<0.01) were independently associated with good clinical outcome.
Death Sedation (p¼0.02), baseline NIHSS (p¼0.03), baseline systolic blood pressure (p¼0.05) and baseline glucose (p¼0.05) were associated with death in univariate analyses. The sedation category of heavy sedation or pharmacological paralysis (OR 5.0; 95% CI 1.3 to 18.7; p¼0.02) was the only independent predictor of death.
Angiographic reperfusion
Of the 75 patients included in our analysis, 22 additional patients were excluded from the analysis of reperfusion because they did not undergo revascularization therapy and therefore had no TIMI grades. Sedation (p¼0.01), baseline NIHSS (p¼0.03) and internal carotid artery occlusion (p¼0.04) were associated with reperfusion in univariate analyses. Mild or no sedation (OR 3.9; 95% CI 1.1 to 13.9; p¼0.04) and no ICA occlusion (OR 6.1; 95% CI 1.3 to 27.9; p¼0.02) were the only independent predictors of successful reperfusion.
Complications
Post-stroke and post-procedural complications were compared between dichotomized sedation groups as above, and are presented in table 3. We found a significantly higher rate of pneumonia and/or sepsis in patients receiving heavy sedation or pharmacologic paralysis (p¼0.02). There were highly nonsignificant trends towards more symptomatic and asymptomatic hemorrhages and fewer access site related complications in the groups receiving heavy sedation or paralysis.
DISCUSSION
To our knowledge, our report is the first formal examination of the issue of procedural sedation and intubation within a controlled acute interventional ischemic stroke trial. Our data add to the considerable discussion in the literature regarding the potential beneficial and untoward effects of sedative medications on patient outcome and stroke recovery. In particular, the intensive care and anesthesia literatures have shown that continuous use of sedative medications prolongs intubation time and lengthens ICU stay. 8 9 Continuous sedation has also been associated with an increased likelihood of developing pneumonia in intubated patients. 10 Conversely, the potential neuroprotective benefits of some sedative medications have been investigated for years although they have never been proven to be of benefit in acute stroke. Our goal was to clarify the factors that were associated with the use of higher levels of sedation in patients undergoing angiography. Furthermore, we wanted to discern the association, if any, between the use of sedation and clinical outcomes and the ability to obtain successful reperfusion. Our analysis shows that higher baseline NIHSS scores correlated with the use of deeper sedation during or prior to angiography and/or intervention. Heavily sedated patients were also significantly less likely to obtain successful angiographic reperfusion, as measured by posttreatment TIMI scores, a finding that is perhaps related to higher rates of internal carotid artery occlusions and associated with longer procedural durations. From a clinical standpoint, it is not surprising that we found that patients with the lowest levels of sedation fared better.
We are unable to conclude whether sedation is a cause of poor outcome because of increased complications or impaired recovery or whether patients with large strokes, as measured by higher baseline NIHSS scores, are more likely to be sedated. It is clear that patients with higher baseline NIHSS scores have a poorer clinical outcome, higher morbidity and mortality and greater rates of symptomatic intracerebral hemorrhage. However, sedation category remained a predictor of poor outcome and death when baseline NIHSS score was accounted for in multivariable analysis. It remains possible, therefore, that the use of sedation itself is related to clinical outcome, given our findings. Alternatively, it is also possible that the use of heavier sedation is a non-specific marker for a group of unmeasured clinical factors that predict poor outcome.
From a procedural standpoint, there was a non-significantly lower rate of access site related complications associated with heavier sedation. Whether this difference is found to be significant in additional studies remains to be seen. In this analysis, access site related complications were limited to groin hematomas, a single arterial pseudoaneurysm, a moderate severity common iliac occlusion and/or local bleeding. There were no significant retroperitoneal hemorrhages in this cohort. In practice, the vast majority of the above access site related complications can be treated by manual compression or conservative measures. Based on our analysis, we suggest that reducing the rate of access site related complications should not influence neurointerventional specialists to heavily sedate or pharmacologically paralyze their patients alone.
Conversely, heavy sedation or paralysis may be warranted if patient movement is felt to pose an increased risk of vessel perforation or dissection. In this analysis, the only vessel dissection occurred in a cervical carotid artery in a patient in the heavily sedated group. Whether patient agitation or movement may have contributed to dissection is unknown. Because these complications are rare, however, we are unable to conclude whether greater sedation or paralysis is useful in avoiding these complications.
We did find a significantly higher rate of infection in those patients receiving heavy sedation or pharmacological paralysis. Whether short term or long term use of sedative medications is in part responsible for higher infection rates in those patients is unclear based on this analysis. However, given these findings, we cannot overlook the fact that medication effects may play some role in immunosuppression, aspiration risk or prolongation of intubation time.
This analysis is limited by its small sample size. While we were able to demonstrate a significant association between sedation and outcome, the magnitude of that association is unclear, as evidenced by the wide CIs around the ORs. In a larger population, we might be able to conclude whether sedation alone appears to influence outcome. Our inability to precisely determine the types of medications, their duration of use or the route of administration in each case also limits this analysis.
While we did record all medications used as part of the study, the times of administration with respect to the angiographic procedure were not recorded, nor was their duration of use.
CONCLUSION
In this study, we characterized the wide variability in the use of sedation in patients undergoing intra-arterial therapy. Initial stroke severity, as measured by the NIHSS score, was highly associated with the use of deeper sedation. Furthermore, the use of sedation was a more potent marker for poor outcome and death than the initial NIHSS score. Additional study is needed to determine if higher levels of sedation simply mark patients with a poorer outcome, or if they impair stroke recovery and lead to iatrogenic complications, as represented by the higher infection rates in this analysis.
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